When products are sold in advance, i.e. prior to consumption, consumers trade off an early, uninformed purchase at a low price against a late, informed purchase at a high price. This paper considers the effect of market structure on the prevalence of advance selling. We show that in an oligopolistic market with multi-product firms, advance selling (with its associated allocative inefficiency) is decreasing in market concentration when the consumers' preference uncertainty is high but can be increasing when uncertainty is low.
Introduction
In a variety of markets, firms offer advance purchase discounts to those consumers who buy prior to consumption, i.e. with potentially imperfect information about their preferences. The most prominent example for this practice is the airline industry where ticket prices increase as the departure date approaches. Due to the associated risk of a mismatch between consumer preferences and product characteristics, advance selling constitutes a potential source of allocative inefficiency. From a regulatory viewpoint it is therefore important to understand the determinants of this practice.
An open issue is how advance selling depends on market structure. 1 Gale (1993) and Möller and Watanabe (2016) have provided a partial answer to this question by showing that a duopoly exhibits more advance selling than a monopoly. Duopolists engage in inter-temporal business stealing by capturing customers early, i.e. before they can develop a preference for a rival's product. One might therefore be tempted to conclude that there exists a monotone relationship between competition and advance selling. In this paper we argue that increasing the number of firms beyond duopoly can have an adverse effect on advance selling.
We consider a market with a given number of products (e.g. flights) which are offered by a varying number of multi-product firms (e.g. airlines). The benefit of this approach is that it allows us to determine the influence of market structure on advance selling in isolation of its effect on the consumers' degree of preference uncertainty. We show that advance selling increases monotonically with the number of firms when uncertainty is above a certain threshold. However, below this threshold, the relation between market concentration and advance selling turns out to be inverse U-shaped. This occurs because for low levels of preference uncertainty the benefits of capturing customers are rather low so that a reduction in the firms' profit margin due to stronger competition reduces their incentive to engage in inter-temporal business stealing.
Our theory explains the influence of oligopolistic market structure on (inter-temporal) price dispersion. It can therefore help to shed light on a recent empirical controversy concerned with the question of whether price dispersion can serve as an indicator of an industry's competitive conduct. Collecting internet fare data posted at different times before departure, Gaggero and Piga (2011) find that flights on more competitive routes exhibit a smaller degree of inter-temporal price dispersion. This is in line with the negative relation between competition and price dispersion found by Gerardi and Shapiro (2009) but contrasts with the positive relation documented by Borenstein and Rose (1994) and Stavins (1996) , or the inverse U-shaped relation in Dai et al. (2014) . Our theory encompasses these findings and identifies demand uncertainty as a key element in the interpretation of price dispersion as a positive or negative sign for competitive conduct.
Model
We consider a market with a fixed number n ≥ 4 of differentiated products which are produced by a variable number m ≥ 2 of identical firms. 2 We denote by κ = n m the 1 Most of the literature on advance selling has focused on the polar cases of monopoly or perfect competition. See Gale and Holmes (1993) , DeGraba (1995), Courty and Li (2000) , Courty (2003) , Möller and Watanabe (2010) , and Nocke, Peitz, and Rosar (2011) for monopoly and Dana (1998) for perfect competition.
2 In reality, a change in the number of competitors might be accompanied by a change in the number of products. This may affect the consumers' preference uncertainty. Holding the number of number of products supplied by each firm. 3 There exists a continuum of consumers with mass one. For each consumer there exists one product which he prefers over all others. A consumer obtains the value s + σ from consuming his preferred product. The value of consuming any other product is given by s. Following most of the literature on price competition in differentiated product markets we let s be sufficiently large for the market to be covered. Consumers differ in their choosiness σ ∈ [0, 1]. The additional utility from consuming their preferred product rather than a non-preferred product is greater for more choosy consumers. We assume that σ is uniformly distributed in [0, 1].
There are two periods. In period 1 each consumer privately receives an imperfect but informative signal about the identity of his preferred product. In period 2, consumers learn the true identity of their preferred product. The product indicated by the signal in period 1 will be called the consumer's favorite product. With probability γ ∈ ( 1 n , 1) the signal is correct in that the consumer's favorite product turns out to be his preferred product. With probability 1 − γ the signal is wrong, pointing to any one of the consumer's non-preferred products. The parameter γ measures the consumers' common degree of individual demand uncertainty. For γ → 1 n the consumers' signal becomes uninformative and consumers face maximal uncertainty. For γ → 1 individual demand uncertainty becomes negligible and consumers know their preferences already in period 1.
Firms produce with a constant marginal cost which we normalize to zero. They can commit to prices in advance. More specifically, in period 1 each firm chooses a price schedule for each of its products determining the product's price in both periods. 4 Since consumers prefer an informed purchase over an uninformed purchase we can, without loss of generality, restrict the firms strategy space to consist of non-decreasing price schedules.
Result
In the following we derive the unique candidate for a symmetric pure-strategy equilibrium (p * 1 , p * 2 ) in which firms practice inter-temporal price discrimination by selling a positive quantity in both periods. For this purpose, suppose that all firms choose the price schedule (p * 1 , p * 2 ) for all of their products and firm i deviates by offering its product(s) at prices (p 1 , p 2 ). Further suppose that p 1 < p * 1 so that in period 1, a consumer products constant allows us to elicit the influence of competition on advance selling for a given level of preference uncertainty. This is in accordance with the empirical studies which control for the number of flights on a given route. 3 To guarantee that κ is integer let n = 2 N with N ≥ 2 integer and m = 2 M with M ∈ {1, 2, 3, . . . , N − 1}.
4 In a related but monopolistic setting, more sophisticated selling schemes such as refund contracts have been shown to be the optimal (Courty and Li (2000) ). Our focus on price posting resonates well with the empirical work on airline price dispersion which restricts attention to non-refundable tickets. with a favorite offered by firm j = i prefers buying one of the cheaper products offered by firm i if and only if
Consumers who wait until period 2 will purchase their preferred product, since otherwise they could have purchased in period 1 at a lower price. A consumer with a favorite produced by firm i will prefer a product produced by a different firm j with probability r i ≡ (1 − γ) n−κ n−1 . Such a consumer will therefore wait until period 2 if and only if
Similarly, a consumer with a favorite produced by firm j will turn out to prefer a product offered by firm i with probability r j ≡ (1 − γ) κ n−1 . Such a consumer will therefore wait until period 2 iff
For small deviations from the equilibrium schedule it has to hold that 0 <σ < min(σ W,i , σ W,j ) < 1 and firm i's profit is given by
Firm i's first period demand consists of two groups of consumers: (1) those who favor one of firm i's products and are not choosy enough to wait; and (2) those who favor a rival's product but are not choosy enough to pay a higher price for it. Firm i's second period demand consists of those consumers who were choosy enough to buy late. Again we can distinguish two groups of consumers: (1) those who favored one of i's products before and still prefer one of i's products; and (2) those who favored another firm's product before but now prefer a product of firm i. For (p * 1 , p * 2 ) to be an equilibrium, the derivatives of profits with respect to p 1 and p 2 have to be zero at (p 1 , p 2 ) = (p * 1 , p * 2 ). Hence (p * 1 , p * 2 ) can be uniquely determined from the corresponding linear system of first order conditions. In the Appendix we use the prices (p * 1 , p * 2 ) to perform comparative statics on the resulting fraction of advance sales
Proposition 1 In a (symmetric) pure strategy equilibrium, the fraction of advance sales σ * W is monotonically decreasing in market concentration κ when preference uncertainty is high (γ ≤ γ), monotonically increasing when preference uncertainty is low (γ ≥γ), and has inverted U-shape in an intermediate range (γ < γ <γ).
Proposition 1 shows that for relatively high degrees of uncertainty an increase in competition leads to an increase in advance selling. This is illustrated in Figure 1 . Competition decreases the low prices charged to early (unchoosy) buyers while relatively high prices are maintained for late (choosy) buyers. 5 As a result, advance purchase discounts become larger and more consumers purchase in advance.
A very different picture emerges for relatively low degrees of uncertainty. As can be seen from Figure 2 , competition reduces both prices together with the price spread. This is in line with the evidence provided by Gaggero and Piga (2011) and implies that advance selling decreases with competition.
To understand the intuition for Proposition 1 note that an increase in the number of firms has two effects. First, it increases the likelihood that a consumer favoring a particular firm turns out to prefer a rival's product in the future, thereby strengthening the firms' incentive to capture customers in advance. Second, an increase in competition decreases the average price firms charge to their customers, making it less profitable for firms to increase their sales through a discount. Note that the first effect vanishes when preference uncertainty is low whereas the second effect becomes negligible when preference uncertainty is high. With high uncertainty products appear as homogeneous in advance, leading to marginal cost pricing independently of the number of firms. Hence, for low uncertainty competition reduces advance selling due to its negative effect on the price level, whereas for high uncertainty competition increases advance selling due to its positive effect on the likelihood to loose future customers.
Conclusion
In a recent empirical study of the US airline industry, Lazarev (2013) calculates that the allocative inefficiency resulting from inter-temporal price discrimination amounts to 6% of overall welfare on monopoly routes. Our theory suggests that still larger inefficiencies can be expected on routes served by more than one airline. An empirical investigation of the allocative inefficiency of advance selling and its dependence on market structure therefore constitutes an important issue for future research.
Inserting the threshold derivatives, substituting p * 2 = p * 1 + ∆p * with the premium ∆p * ≡ p * 2 − p * 1 , and using the fact that r i = (m − 1)r j gives:
Solving this linear system of equations, we obtain the equilibrium premium:
Treating κ as a continuous variable, we now show that for any κ there exists a threshold γ(κ) such that ∂∆p * ∂κ > 0 if γ > γ(κ) and ∂∆p * ∂κ < 0 if γ < γ(κ). The result then follows from the fact that γ(κ) is increasing in κ. Consider 
The term in square brackets in (12) is increasing in γ. It is positive for γ → 1 and negative for γ → 1 n . Hence there exists a unique γ(κ) ∈ ( 1 n , 1) for which ∂∆p * ∂κ = 0. For γ = γ(κ) the nominator of the term must be positive which implies that it must be decreasing in κ. Hence γ(κ) must be increasing. 
